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© Simultaneous multiple assays and compounds and compositions uselul therein. 

@ The present invention is concerned with coordinated 
compounds useful in simultaneous multiple assays lor 
organic species such as steroids, proteins, peptides, car- 
bohydrates or drugs. The coordinated compounds are 
prepared by labelling an individual organic species with a 
radioisotope through a chelating agent to form a coordinated 
compound. 

The present invention is also concerned with composi- 
tions comprising two or more of the coordinated com- 
pounds, compositions comprising one or more of the 
coordinated compounds and an analyte labelled with 1-125. 
and a simultaneous multiple assay wherein one or more of 
the coordinated compounds is ere employed. 
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SIMULTANEOUS MULTIPLE ASSAYS AND COMPOUNDS AND COMPOSITIONS 
USEFUL THEREIN. _____ 



The present invention is concerned with simultaneous 
multiple assays and compounds and compositions useful 
therein. The simultaneous multiple assays may be carried 
out for organic species such as steroids, proteins, 
peptides, carbohydrates or drugs. 

Radioimmunoassay is an analytical technique that: 
resulted from the work of Berson and Yalow. In radio- 
immunoassay, radiolabel led exogenous antigen competes with 
unlabelled endogenous antigen for binding site? on an 
antibody or specific binding proteins, e.g. intrinsic 
factor, specific for the antigen. 

The percentage of bound radiolabel led antigen 
decrease? as a function of the increasing concentration of 
unlabelled antigen in the test sample. Separation of the 
bound and free radiolabel led antigen is necessary in order 
to determine the quantity of unlabelled antigen. This can 
be a ccomp 1 i shed by i n so 1 ub i 1 i z a t i on of t h e a n t i g e n - a n t i bor! y 
complexes either by chemical means, e.g., polyethylene 
tilycol precipitation, or by the addition of a second 
antibody directed toward the immunoglobulin present in the 
original antiserum, or by a combination of these two 
methods. The quantity of unlabelled antigen in an unknown 
sample is then determined by comparing the radioactivity of 
the precipitate, after centri fugat ion , with values 
established using known standards in the same assay system. 

In one aspect this invention is concerned with 
simultaneous measurement of two or more organic species in 
the same tube wherein the material to be assayed is 
radiolabeled. It is also concerned with the preparation 
of the labelled organic species employing chelating agents. 

There is a continuing search for cheaper and quicker 
analytical procedures. One way to accomplish this is to 
have an assay whereby two or more organic species can be 
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assayed simultaneously in the same solution. 

An example is in U.S. Tatont No. 4,146,602 issued on 

March 27, 1979 which discloses a simultaneous assay of 

Folate and Vitamin B, 7 . 
57 

Co is incorporated in Vitamin B ]2 which is rather 
uncomplicated since Vitamin B 12 is a cobalt containing 
compound . 

The problem was how to incorporate Co j7 into non- 
cobalt containing organic species. 

Certain uses of chelating agents are well known; 
however, there is no known use of chelating agents to 
prepare radiolabeled organic species useful in simultaneous 
assays. 

A paper by Yeh et al. at pages 327-336 of 
J. Radio a nal Ch em. , 53 , (1979) describes the preparation of 
an assay of indium chelates. A chapter in the American 
Chem i c a J Soc i e t y pu b 1 i c a t i o n Advanro s 7 n_ C h f »m.i stry Se r i e s . 
No. 19R Modificati on of Protei ns by Men res et al. at pages 
369-3H7 d i scusses chelate tagged pidirins and po 1 ypeot i de s 
using cobalt to proparo i rid i opha rnincni * i ca \ :; . 

Kg an of: a] at panes 6 1 1 - i . 1 3 of a papfr entitled 

S7 

w " Co: A Volume Mark for the TR ! IM.K- I SOT OPK , houb le- Ait t i bod y 
R a d i o i mim i n e A s s a y" in J_m mi in o < Jii e_m i s t: r v , 1 97 7 , Vol. 1 A , 
discusses usinn a chelating agent. (EOT A) with cobalt; but. to 
prevent adsorption of cobalt to serum proteins. 

We have now found that by employing chelating agents 
it is possible to label different organic species with 
different nuclides to provide a me t h od for s i. mu 1 1 a neqti s 
assays on multiple organic species in a single tube. 

Instruments nre already being used to rend radio- 
activity in a simultaneous assay (Vitamin n j0 and folate). 
Therefore, this invention will not require any new 
techniques or instrumentations . 

■According to one aspect of the present invention 
there is provided a coordinated compound of the formula: 
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metal i sotope--chelator--oraanic species. 

Further aspects of the present invention concern a 
composition useful in a simultaneous assay comprising tv:o or 
more coordinated compounds accordinq to the invention, a 
composition useful in a simultaneous assay . compri sing one or 
more coordinated compounds according to the invention and an 
analyte labelled with 1-125, and a simultaneous multiple 
assay using one or more coordinated compounds according to 
the invention. 

The coordinated compound of the present invention can 
conveniently be incorporated in a kit for use in 
simultaneous multiple assays of organic species. 

Dv the use of this invention one can place n metal 
isotope on any suitable organic species-, e.g. analyte, to 
assay for said organic species. 

Another aspect is the metal isotope labelling of 
purified antibodies to said analyte (s) to construct an 
i muumoradi oinetr i r assay UKMA). 

The essence of tin.' invention is the introduction of 
radionuclides into organic species by way of oroanic 
species-bound chelating moieties and the subsequent use of 
the radio-labelled organic species in radioassays. 

The chelators may be of a variety of materials 
satisfying the following criteria: 

1) they must be capable of forming covalent linkages 
with the organic species of interest; 

2) once attached to the organic species, they must 
retain their ability to form coordination complexes with +2 
and +3 metal radionuclides; and 

3) the formed complexes of organic species, 
chelator, and metal radionuclides must retain all or part of 
the binding specificity or antigenicity of the native 
organic species. 
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Radiolabelled organic species containing individually 
distinguishable^radionuclides may be combined in a variety 
of configurations such that one or more organic species may 
be measured simultaneously by radioassay. Organic species 
labelled in this described manner could also be combined 
with organic species labelled by alternate means to provide 
simultaneous radioassays . 

The choice of radionuclides to be utilized for 
labelling is governed by the following practical 
considerations. 

1) they must have a sufficiently long half-life to 
enable them to be used over a practical period of time (eg. 
several months! ; 

2) they must be available in sufficiently high 
specific activity to provide an adequate signal 
amplification; and 

3) they must possess a distinguishable emmission 
spectrum when used in combination with one or more other 
radionuclides. 

The method of assaying comprises employing a 
c cord i n a t e d com pound of t h e gene r a .1 formu] a : 

metal i so tope— cho 1 a tor --organ i c species 

I 

Examples of analytes which can be employed include 
any organic species which can react with a chelating agent. 
In general, they are steroids such as estrogens, 
progesterone, digoxin, Cortisol, 17-hydroxyprogesterone and 
the like; proteins, such as human chorionic gonadotropin 
(IICG) , luteinizing hormone (LH) , follicle stimulating 
hormone (FSII) , thyroid stimulating hormone (TSH) , 
alpha-fetoprotein, trypsin, hepatitis aspociated antigen, 
carcinoembryonic antigen and the like; peptides, such as 
ACTH, endorphins, angiotensin, insulin and the like; 



- 5 - 



01 65716 



carbohydrates, such as pnnumococal polysaccharides and tho 
like? drugs, such as cocaine, tetrnhydrocannibinol^, 
barbiturates, amphetamines and tho like; antibiotics, such 
as gentimycin, and the like; also, the labeled antibodies to 
these analytes can be used. 

Specific pairs of organic species which could bo 
analyzed simultaneously include the followinn: 

1. Carcinoembryonic Antigen (CEA) P-hCG, 0C 
fetoprotein, or any other two tumor markers; 

2. LH/FSH ; 

3. Hepatitis BSurface Antigen/Hepatitis B Core 
Antigen or any other two viral antigtns; 

4. Thyroxine iT^) /Thyroid Stimulating Hormone in 
screening for neonatal hypothyroidism; 

5. Thyroxi ne/Thyroid Binding Globulin (for T3U, i.e. 
triiodothyronine uptake) in diagnosis and treatment of adult 
thyroid disease; 

6. Angiotensin 3I/fconin in diagnosing cause for 
hypt.-rtcnr i on ; 

7. Adi onocort. i cot rophic Hormone ( ACTH ) /Co r * i so 1 in 
differentiating primary from secondary adrenal disease; 

0. t nr.ul i n/C-Popt ide in the diagnosis and ♦ r<'.>tm»'M. 
of diabete! ; 

9. Estriol /Human Placental haotoqen in monitoring 
pregnancy ; 

10. Lactate Dehydrogenase (LDH) /Creatine 
Phosphokinase (CPK) Isoenzymes in diagnosing heart disease? 
and 

11. Serological Screening for Donor Dlood for any 
two viruses or venereal infections simultaneously, such as 
hepatitis-B Surface Antigen and human T-Ccll leukemia virus 
antigens or antibodies to same. 

Chelating agents which can be used include aminopoly- 
carboxylates of tho following general formula: 
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1^. 



<H0 2 C-CH 2 ) 2 



-N-CH--4cH 2 -N-CH 2 --jCH 
\ CHjCOOJK n 



2 N(CH 2 C0 2 ll) 2 



wherein R 1b phenyl or nubetitutcd phenyl wherein tho 



cubotltuontB arc NO,, 



NH 2 and/or SOjH nnd tho like oncl n 1r 



I 
I 



0 or 1 such no othylonedinmino totraacetic acid (EDTA) , 
ethylene dinitri lototraacetic acid, diothylonotriamino- 
pentnacotic acid and derivatives thereof such An 
1- <r>-bromoacet imidobonzy 1 ) -EDTA. 

In general any radioisotope of a motnl can bo 
employed; however, practical considerations make it 
convenient to use only those with half liver, of a roasonah 1 o 
pnriod of time bo. Howovor, it should bo undorntood that 
even i no topes of o relatively nhort hnlf life can bo 
employed in thin invention. 

Preferred isotopes include those of the metals, 
coba 1 i. , iron, indium, technetium, europium nnd terbium. 

Kr.pi c i ,i ] 1 y preferred are isotopes of iron and cobalt 
wit.li cobalt !>7 and iron 1 *t * i ti 11 mor-t prelerre.il. 

The" labelled oroanie species may be prepared by 
react ing the chelating agent with the organic species at a 
temperature of from 4° to 4 0 D <; in a basic solution of a 
solvent such as nodi um bicarbonate (0.1M). 

After purification of tho organic species, for 
example by panning the reliction mixture containing it 
through a molecular sieve, such as ocphadox G75, or n 
polyacrylamido or other polymeric material acting as a 
molecular sieve, the treatment with the metal isotope at 
4°C to 40°C can be carried out in the presence of a buffer 
from sodium acetate fmetal free) or potassium acetate. 

To obtain the best products of the invention the 
buffers should be metal-free . i f use in the preparation 
process. 

Tho followinq examples illustrate the preparation of 
labelled organic species. 
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Example 1 

PREPARATION OF 57 CPU ALT LABELLED LH 

Ono mg of lyopholizod LH is dry mixed with 3.8 mg of 
diethylenetriamino pontnacetic anhydride IDTPA) . 100 ul of 
metal-free 0.1 M sodium bicarbonate is added and the 
reaction vortexed. (metal free buffers arc prepared by 
passing buffor solutions through metal cholatinq ion 
exchanqc renins such as BioRnd Cholex 100). Aftor thirty 
minutes at room temperature, the reaction mixture i r, parsed 
through a Sophadex G75 column equilibrated and elutod with 
0,5 M acetate buffer pH 5.8 (metal free). The LH-DTI'A 
contaihinq fraction** are identified by absorbance at 2H0nn. 
peak fractions are pooled and diluted to 100 ug LH /ml with 
0.5 M acetate buffer pll 5.8. 

100 ul of LH-DTPA (10 ug) are added to 10 ul COO 

uCi) of cai rier-f rer 57 cobalt chloride in 0.5 N IICl and 

reacted for one and one-half hours at room temperature. The 

reaction mixture i s passed through a Sophadex (17 r » column 

oqu i 1 i brat ed and eluted with phosphate bulfored saline fr*o;) 

S 7 

containinq 0 . 1 I bovine albumin. The * Cn-hTPA-LH elutes 
near the void volume ns n s i nq 1 • peak. In qeneral >7nv o! 
the " >7 Co is ch"lated by the LH-PTPA precursor yieldi'm 
tracers with specific activities ranaino from 3t> to 4.1 
liCi /uq . 

Example 2 

PHKPARAT10N OK 12 ^T LAHKLLKD FSH 

This procedure describes the process for the 
preparation of FSH-I 125 tracer for an iodinntion size of 5 
mCi, which will yield 2 to 2.5 mCi of usable tracer. 

37.5 ul of FSH antigen at a concentration of 1 mq/ml 
in 0.01M PBS is added to a solution of 50 ul of 0.4M 
phosphate buffer, pH 7.4 and sodium 1-125 (5 mCi) and 
vortexed. The reaction in initiated by the addition of 10 
ul of chloramine-T (1 mo/ml 0.1M phosphate buffer, pH 7.2) 
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to the ronction mixture and vortoxod. The reaction in 
terminated after 25 seconds at room temperature by the 
addition of 25 ul of Bodium motnbi ruI f ite (1 mg/ml in 0.1M 
phosphate buffer, pll 7.4) to tho reaction nixture and 
vortexinq. 

Immediately After termination, the ronction mixture 
iB trannferred to a Scphadox G-75 column (0.5 x 18.0 cm) 
equilibrated in 0.01 M PPS, 0.1* PSA. Tho column io Muted 
with 0.02M PDS/HSA and 0.5 ml fraction* (bovine serum 
albumin tT\CZ) ) are collected. Thn FSH 1-125 Mutes betwenn 
fraction numbers 10 to 20. All fractions which are on the 
ascending and depending sides of the peak which contain 
greater than 40% of the activity of the peak tube are 
pooled. The pooled fractions are diluted with .01M PPS/PSA 
tn a concentration of approximately 100 uCi/ml. The diluted 
tracer it; treated with a 5 ml slurry of Pio-Mad AC.-IMK resin 
(rinsed and resuspendod in 0.0 1M PUS, 3* PSA) and stored 
overniuht at 4°(\ 

Py subst i I ut i nq for tin- tiacer ornanjr specie 
chelatimi a<PMU. in Kxarrples 1 and I! and by following 
substantially the procedures described therein, the 
follow.irMi radio-labelled tracers can be piepartMl. 




and 



T race r 



Org a n i r 
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DTPA 

DTPA 
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The following is nn example of tho typo* of hormones 
which can bo employed in tho assay procedure to bo followed 
and tho reagonts which are roqulrod for tho assay. 

Organic Species 

Luteinizing hormono (Lit) and follicle Btimulotinn 
hormone (FSH) are glycoproteins synthesized and Becrotod by 
tho basophil (bcto) collo of tho anterior pituitory in 
rcsponso to gonndotropin releasing hormono (GnHH) produced 
by tho hypothalamus. Doth hormones consist of two poly- 
peptide chains designated "alpha** and "beta*. Tho amino 
acid sequence of tho "alpha" subunitn in similar for the? two 
hormones as well an TSH and HCC . Tho "beta" subunitn 
however, are unique and confer immunological specificity, 
biological specificity and biological activity for tho two 
molecules . 

In tho female, Ml and FSH roqulato ovarian changes 
durimi the menstrual cycle. mi promotes maturation of tho 
OraaMnn tollielr and ovum while Ml in norossary for t h" 
dove 1 opfnent. of a f u nr t i on itui corpus lutoum and the 
production of prompt e rone . Circulating level?* of M! .'m! 
FSH are contrcllod by separate neqat i vo- feedback mechan i rn;; 
on the hypothalamus. 

In tho male, FSH stimulates production of ppormato/ca 
in the seminiferous tubules. Both FSH and Lll promote 
testosterone secretion by the interstitial cells or Leydiq 
tissue of tho testes. Testosterone and other steroid 
hormones control circulating levels of Ml and FSH by 
negative-feedback effects on the hypothalamus. 

Tho measurement of Ml and FSH is an important tool 
for evaluating disorders of the hypothalamic/pitui tary/ 
gonadal axis. Hypopituitarism due to pituitary dys- 
function in both malos and females may result in a 
hypogonadal state characterised by low levels of Ml and FSH 
(hypogonadotropic hypogonadism). On tho other hand, 
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elevated levels of LH and FSH (hypergonadotropic hypo- 
gonadism) may indinato a hypogonadal state caused by primary 
gonadal failure although LM lovoln may bo normal if androgen 
rocretion is preserved. 

In the female, the mid-cycle LH peak in a good 
indicotion that ovulation will occur within the next 24 
hourB. Thus, subfortile couples enn bo informed of 
imponding ovulntion. Such knowledge in also important in 
timing laparoscopy for oocyte retrieval and subsequent i_n 
vitro fertilization. 

HF.A CtKNTS 

Ml COM ALT r jl THACKH SOLUTION 

Ml tracer is prepared nn doner ibed above and 
diluted to a concentration of approximately 
0.0 2 uCi/ml in 0.0 1M PUS, 0.1% HSA , 5» normal 
rabbit no run and 0 . 1 V. nod turn aside. 

|*SM 1/S I T HACK I' SOLUTION 

The KSH tracer solution is diluted in 0.01M 
PHS, 0.1% MSA , D% normal rabbit, serum, and ion 
exchange renin ni.r.ip, and 0,1V. sodium amnV to 
n concentration of approximately 0.02 uCi/ml. 

I.H/KSH ANTISERUM SOLUTION 

Each antisora is diluted in 0.01M PBS, 10 mM 
EDTA, 0.1% BSA, and 0.1% sodium aside nt n 
titer Bufficient to bind approximately 30% of 
the rndiolnhol led antigens. 



LH/FBII PRECIPITATING SOMVTIOM 



0165716 



Goat anti-rnbbit IgO inmuno norun in diluted in 
0.01M PUS, b\ polyothylono olycol and 0.H 
sodium nzide at a titor sufficient to 
procipitato 100 microliters of $T normal rabbit 
norum, 

UI/KSII STANDARDS 

Seven concontrat ionn ol l.H/KSH standards, 0/0, 

•j/2.d # io/5, ?r>/io, (,o/2!> # 120/M), ?4o/ion 

mill/ml. an? prepart.Ml in 0.01M PPS, 0 . ) 7. I»SA # 
nnd 0.1* nodiurn ido. 

UI/KSH CONTROLS 

Cnnti ol n.'uui » 1 ■ *»: i'U <* pM'p.itrd in 0 . 0 1 M PhS , 
0.1*. PSA ami 0.1* !wnlium ;i 7 i <lo . 

im^kpapajmpn ov reagents 

Coirbinr rinnl vnlunrj: of Ml Co I I ;m»m r.ohi' i»:n .mil 
FSH I tracer no.lut. inn. SO ul. of rach tracer f . i «• I'mmiih-i] 
for each an nay tubn. 

SPECIMEN COl.LKCTION AND PREPARATION 

Human eorum or plasma samples should bo used. If the 
assay is to bo run on tho day of specimen collection, store 
tho oomplo nt 4°C until assayed. If tho assay iB to bo run 
at a later date, store sample frozen at -20°C. Allow tho 
Bnmple to thaw prior to asnayj mix thoroughly. Hetero- 
geneity of specimens nftor thawing has boon shown to roj»ult 
in misleading assay values. Tho sample nhould bo rejected 
for assay if it is radionctivoly contaminated from a 
provious i_n vivo diagnostic procedure. A frooh sample 
should bo drawn after Bufficiont time has pa sued for tho 
^elimination of tho radioactivity from tho body. 
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RADIOIMMUNOASSAY PWOCRPUHK 

^ Hoforo procoodinq with thn ntiRfty* bring nil roncnntn 
nnmplr? and nBf?ny tubon to room tompornturo. A utandard 
curve munt In? porformod with ««ch ni*rlo« nf unknown*?. 

(Innornllyi the nnnny procedure comprint ndmixinq 
?00 uh or the titnndnrdn, ccntroln or pnt.ient. nntnple with 
100 of ant.inerum nolution and then vortoxinq. Tho 
mix tun; in I hen incubated at 37"C for 60 minuton and 
thoroaf tor 100 |ih of trnoor solution are added and thn 
resultant mix tun.* vorl.i'xnd, Alter vortoxinq, the mixture i 
incubated at room t empe rat u re for I'd) mi nut it., 1000 ul. of 
prrt-ipi t at. inq solution are added and the mixture vortexed. 
Alter this; vortex inq the mixture i n incubated at room 
temperature for 10 mtnuten and thon rent r i tiejed tor IS 
minutes at 1000 x q. The liquid .in then decanted <>M and 
tin* remaining material i s counted and the results nni.-d, 

Moie f.peiM I i ea I ) y , the assay proeeiture oompiises:- 

| t Uib.-I 1 x /'« mm assay t nhes aeeon 1 » nq to Un- 

to! 1 ow i ho nut 1 inn: 



ASSAY TUBE 



CONTENTS 
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T, T Total Counts 

I, 2 Blank Tubes 

3,4 Standard; OmIU/Hl 

5,6 5mIU/mL MI 

2.5mIU/mL FSH 
7,8 lOmlL/mL LH 

5mIU/mL FSH 

9, 10 25mIU/mL LH 

]0mIU/mL FSH 

II, 12 €0mIU/mL LH 

25mIU/mL FSH 

13, 14 120mIU/mL LH 

50mIU/mL FSH 

15,16 240mIU/mL LH 

lOOmlU/mL LH 
17, IH C 1 Control Sample 

19,20 CI I Control Sample 

21,100 Pat. ii»nt Sample 



Accurately pipotu- 200 uL of thr ZERO STANDARD into 
tht_> blank tubes and 200 itL of STANDARDS of patient 
samples into appropriately labelled assay tubes. 



3. Pipette 100 uL of ANTISERUM SOLUTION into all tubes 
except Total Count and Blank tubes and vortex. 

4. Incubate at 37°C for 1 hour. 

5. Pipette 100 uL of TRACER SOLUTION into all tubes and 
vortex. 

6. Incubate at room temperature [27 t 3°C) for 1 hour. 



7. ' Shake the PPECIPITATING SOLUTION immediately before 

use. Pipette- l.OmL into all tubes except 'total count 
tubes. Vortex tubes thoroughly. 

8. Incubate at room temperature (22 + 3°C) for 10 
minutes. 

9. Centrifuge for 15 minutes at 1000 x g. 

10. Decant the liquid from each assay tube and blot rims 
of tubes on absorbent material. 

11. Count tubes on gamma counter set respectively for 
I 125 CO 57 for FSH and LH. 

PROCEDURAL NOTES 

1. Establish a repetitive time pattern for addition of 
antibody, tracer, and precipi ta tinn antibody from the 
beginning to the end of the assay and for 

decant a t ion . 

2. Bp sure all droplets are removed from the rims after 
decanting . 

3. Consistent results occur between assays when a 
constant room temperature is maintained. 

NOTE: The gamma counter must discriminate adequately 
between 125 I and 57 Co. Counters that do not permit 
low crossover between channels or that do not offer 
adequate stability are unsatisfactory for this assay. 
Since the energy peaks of Co-57 and T-125 overlap, 
^ the windows of the gamma counter murt be adjusted to 

assure <3% crossover. Do not omit this consideration 
as there is no proportionality in values obtained on 
an adjusted instrument and the accuracy of the test 
would be decreased. 
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CPM from Co-57 channel % crossover 

Using 1-125 source: x 100 = of 1-125 into 

CPM from 1-125 channel Co-57 channel 



CPM from 1-125 channel ?> crossover 

Using Cc-57 source: x 100 = of Co-57 into 

CPM from Co-57 channel 1-125 channel 

CALCULATION. OF RESULTS 



1. Average the counts per minute (CPM) for all duplicate 

tubes. Correct for nonspecific binding by 
subtracting the average CPM 1 s of tubes 3 and A from 
all other counts. 



2. Calculate the % Binding (B/Bo) by dividing the 
averaged CPM's for the standard and samples by the 
averaged CPM's of the ZERO STANDARD (tubes 5 and 6) 
and multiply by 100. 

CPM of Standard or Samplr- 
Percent Binding (B/Bo) = >: 100 

CPM of ZERO STANDARD 

3. Prepare a standard curve on 3- cycle log -leu it graph 
paper by: 



a) Plotting the percent binding (B/Bo) or averaged 
CPM for each standard concentration on the Y 

(logit or linear, ordinate) axis and the standard 
concentration values (mlU/ml LH or FSH) on the X 

(logarithmic, abscissa) axis. 

b) Draw a straight line through the data points. No 
attempt should be made to extrapolate the curve 
beyond the range employed. 

4. Read the unknown patient samples from the standard 

curve (concentration is read off the X axis where 
patient CPM or % binding, intersects the curve). 

Typical raw data is shown in Table I. 
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EXPECTED VALUES (20 - 31) 



Normals 



Female: Follicular phase 
Mid-cycle peak 
Luteal phase 
Post menopause 



LM 
mlU/ml 

0-14 
10-70 . 

0-1G 
20-70 



FSH 
mlU/ml 

2-10 
9-18 
O-o 

20-1 00 



Ma 1 e : 



0-9 



2-10 



Published LH and FSH ranqes may differ because of 
variations in calibration, method, and/or technique. Each 
laboratory must confirm its own normal ramie of a 
representative sample population. 

PERFORMANCE CHARACTERISTICS 



Precision is the extent tc v/hich a qiven set of 
measurements of the same sample agrees with the moan. 
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Result? of Intra- And Intcr-ass^v Variation : 



Int ra-Assny Inter-Assay Intra-Assay Inter-Assay 



Pool 1 

X (mlU/ml) 

s (mlU/ml) 

CV (%) 

n 

m 



19.4 
1.4 
7.1 
15 
3 



19.4 
1.9 
9.6 
15 
3 



6.2 
0.5 
7.7 
15 
3 



6.2 

0.2 

3.3 

15 

3 



Pool 2 

X (mlU/ml) 

s (mTU/ml) 

cv m 

n 
m 



41.6 
2.1 
5.0 

15 
3 



41.6 
2.5 
6. 1 
1 5 
3 



18.0 
0.9 

5.2 
15 



18.0 
1.0 

5.5 
1 5 
3 



Pool 3 
X- (mlU/ml ) 
s (ml U /ml) 
CV < I ) 
n 

IT . 



97.6 
H . A 
8.6 
30 
6 



97.6 
12.5 
12.8 
30 
6 



4 6.3 

2 . 1 
4 . 6 

3 0 
6 



46 . 3 
2 . 7 
5.8 
30 
6 



Sensitivity 

Sensitivity is the smallest amount of unlabelled 
antigen that can be distinguished from no antigen. The 
sensitivity of the assay is 1.7 mlU/ml for LH and 1.1 mlU/ml 
for FSH based on 95% D/Do. 

Accuracy 

Accuracy is the extent to which a given measurement 
of a substance agrees with the known value of that 
substance. 
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(A) Spike Pecovery 

Two normal male base pools were spiked with five 
levelr. of LH and FSH. Results are shown on the 
following table: 



LH/FSH 
added 
(mlU/ml ) 



X Added 
Recovered 
(mill/ml ) 



Lll 



% Ml 

Recovered 



FSH 



X Added 
Recovered 
(mil) /ml ) 



. Y, FSH 
H(-Cf)v e red 



10/5 
20/10 
40/20 
80/40 
160/R0 



12.2 
21 .0 
41.7 
03.4 
1 30. 5 



1 22 
105 
104 
104 

82 



(>. 3 
11.7 
2 1.6 
46. 1 
6 5. n 



1 27 
J 1 7 
1 OK 
1 1 5 
B2 



( B ) C o r r ej a t j_o n v/ith Other Method s 

A patient, snmplfs correlation was run .ni.-iiii::i. three 
individual Ml rad i oimmunoassay s and thrr.- individual 
FSH radioimmunoassays. A least squares Linear 
regression analysis was then carried out on paired 
values obtained in the Ml and FSH RIA KIT procedure 
against each of the references. The results are 
summa r i zed be 1 ow : 



Ml: Method A = 
Method D = 
Method C* «= 



0.949 + 1.8 

n -» 28, r 2 » 0.91B 

1.314 - 1.6 

n « 28, r 2 « 0.959 

0.438 4 5.1 

n = 33, r 2 « 0.911 
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♦Standards for this method are calibrated against 2nd 
IRP-HMG . All other methods are calibrated against 
1st IP.P 68/40. 

FSH: Method C = 1.045 - 2.8 

n = 23, r 2 = 0.893 
Method D - 1 . 686 - 2. 1 

n = 30, r 2 - 0.977 
Method E* * = 0. 473 - 1.1 

n = 30, r 2 = 0.983 

♦♦Standards for this method are calibrated aqninst 
2nd IP.P-HMG. Al ] other methods are calibrated 
against. 1st T KP 69/194. 

Spec i f i ci t.y 

Specificity is the extent of freedom from 
interference by substance; other than the one .intended to-be 
measured. The degree of specificity of the antibody for the 
antigen represent- one ol the most significant advantages of 
any radioimmunoassay prociMlu re. 

The cross-reactivity of structurally similar hormones 
at fifty percent binding are given in the following table: 

RELATIVE ACTIVITY* 

COMPOUND ui ASSAY FSH ASSAY 

Ln 1.000 < 0.0035 

FSII 0.085 1 .000 

MCG 0.261 < 0.0028 

TSIl < 0.001 < 0.0010 

•Relative? activity is calculated on a unit/unit basis 
except for TSH which is calculated on a weight /wei ght 
basis. 



Chelex is a trade mark which may or may not be 
registered in all of the designated states. 



CLAIMS; 
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1. A coordinated compound of the formula: 



metal isotope — che lator--organic species 

2, A compound as claimed in claim ] wherein, for the 

chelator is used a chelator of the formula: 

, f V \ - , 

(H00CC11 2 ) ? -N-CU-4-CH. l -N-C!l 0 }C1I ? -N- (CI I^COC^T., 

\ CH.COOIl/ 
2 ' n 



who rein N is phenyl or substituted phenyl win? re in the 
substituents are N0 0 , Nil,, and/or SO^H and n is 0 or 1, or 
a dorivativ e t he r e o f . 

3. A compound as claimed in claim wherein for the 
che later is u s o d e t h y 1 e n ed i a nin e t e t r a a re t i e a r i d , * * t h y 1 e n « • 
d i n i t r i 1 o t e t r a a re t i c a c i d , d i e t hy 1 e ni > t r i a mi ne pe n t. a a r e t i ( : 
acid, or a d e r i v a t. i ve t he r eo f . 

4. A compound as claimed in any of claims 1 to 3 wherein 
for the metal isotope is used cobalt, iron, iodine, 
technetium, europium, terbrium or iodine. 

5. A compound as claimed in any of claims 1 to 4 wherein 
for the organic species is used a steroid, a protein, a 
peptide/ a carbohydrate or a drug. 

6. A compound as claimed in claim 5 wherein for the 
organic species is used an estrogen, progesterone, digoxin, 
Cortisol, 1 7-hydroxyprogesterone , human chorionic 
gonadotropin, leutinizing hormone, follicle stimulating 
hornond, thyroid stimulating hormone, alpha-f etoprotein, 
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trypsin, triiodothyronine, thyroxine, hepatitis associated 
antigen, carcinoemhryonic antigen, adrenocorticotropic 
hormone, endorphins, angiotensin, insulin, pneumococal 
polysaccharides, cocaine, tetrahydrocannibinol , a 
barbiturate, an amphetamine, oentinmycin. Vitamin P J2 or 
folate. 

7 A composition useful in a simultaneous assay which 

comprises two or more coordinated compounds as claimed xn 
any of claims 1 to 6, wherein each metal isotope in each 
coordinated compound is different. 

8. A composition as claimed in clnim 7 which comprises 

two of said coordinated compounds wherein: 

(a) for the organic species of one of said 
coordinated compounds is used carcinoembryoni c antigen and 
for the organic spoci.es of the other of said coordxnated 
compounds is used (5-hCG; 

, b ) for the organic species of one of said 
coordinated compounds is used leutinir.inn hormone and for 
the organic species of the othor of said coordinated 
compounds xs used thyroid stimulating hormone; 

(C ) for the organic species of one of said 
coordinated compounds is used hepatitis B-surfaco ■"*!*•" 
and for the organic species of the other of saxd coordxnated 
compounds is used hepatitis B-core antigen; 

(d ) for the organic species of one of said 
coordinated compounds is used thyroxine and for the organic 
species of the other of said coordinated compounds xs used 
thyroid stimulating hormone; 
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(e) for the organic rpecies of ono of paid 
coordinated compounds is used thyronine and for the organic 
species of the other of said coordinated compounds is used 
thyroid binding globulin; 

(f) for the, organic species of ono of said 
coordinated compounds is used angiotensin-I J and for the 
organic species of the other of sn?d coordinated compounds 
is used renin; 

(g) for the organic species of one of said 
coordinated compounds is used ad renoi.ort i cot rophi c hormone 
and for the organic species of the other of said coordinated 
compounds is used Cortisol; 

(h) for the organic species of one of said 
coordinated compounds is used insulin and for the organic 
species of the other of said coordinated compound"; i r, used 
C-pept i do ; 

(i) for the organic sporjpv of one of !"o;id 
coordinated compounds is used estrioi and for the organic 
species o: the other of said coordinated compound is used 
human placental lactogen; 

(j) for the organic species of one of said 
coordinated compounds is used lactate dehydrogenase and for 
the organic species of the other of said coordinated 
compounds is used creatine phosphokinase ; or 

(k) for the organic species of one of said 
coordinated compounds is used hepatitis B-surface antigen 
and for the organic species of the other of said coordinated 
compounds is used human t-cell leukemia virus. 
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9. A simultaneous multiple arsay wherein one or more 
coordinated compound as claimed in any of claims 1 to 6 
is/are employed. 

10. A composition useful in simultaneous assay which 
comprises one or more coordinated compound as claimed in any 
of claims 1 to 6 and an analyte labeled with T-125. 

11. A composition as claimed in claim 10, wherein the 
coordinated compound analyto is leutinizing hormone and the 
analyte labeled with 1-125 is follicle stimulating hormono. 
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CLAIMS: 



1. A method of forming a compound useful in simultaneou 
multiple assays wherein a metal isotope, chelator and 
organic species are combined together to form a coord inn ted 
compound of the formula: 

metal isotope — chelator — organic species 

2. A method as claimed in claim 1 wherein for the 
chelator is used a chelator of the formula; 

n 1 



N-CH —LCH 2 -N-CH 2 4 

^ CH -COOK/ 



(M00CCH 2 ) 2 -N-CH -4-CH 2 -N-CM 2 l^^-N- (CI^COOIO 



wherein H in phenyl or substituted phenyl wherein the 
subst i tuent s are Nf> 2 , NH 2 and/or SOyi '* inci n ^ s ft or or 
a derivative thereof. 

3 . A me t hod as c 1 a i med in claim 2 wherein for the 

chelator is used ethyl ened i ami netet raacetic aci d , ethylene 
dini tri lo to trance tic acid , die thy 1 cnctriaminepentaacct i c 
acid, or a derivative thereof. 

4. A method as claimed in any of claims 1 to 3 wherein 
for the metal isotope is used cobalt, iron, iodine, 
technetium, europium, terbrium or iodine. 

5. A method as claimed in any of claims 1 to 4 wherein 
for the organic species is used a steroid, a protein, a 
peptide, a carbohydrate or a drug. 



6. A method as claimed in claim 5 wherein for the 

organic species is used an 'estrogen, progesterone, digoxin, 
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Cortisol, 1 7-hydroxyprogesterone , human chorionic 
gonadotropin, leutinizing hormone, follicle stimulating 
hormone, thyroid stimulating hormone, alpha- fetoprotein , 
trypsin, triiodothyronine, thyroxine, hepatitis associated 
antigen, carcinoembryonic antigen, adrenocorticotrophic 
hormone, endorphins, angiotensin, insulin, pneumococal 
polysaccharides , cocaine , tetrahydrocannibinol , a 
barbiturate, an amphetamine, gentiamycin, Vitamin n j2 or 
folate. 

7. A composition useful in a simultaneous assay which 

comprises two or more coordinated compounds of the formula :- 

metal isotope --oho 1 a tor--organi c species 

wherein each metal isotope in each coordinated compound is 
di f ferent . 

9^ A composition as claimed in claim 7 wherein the 

coordinated compounds an; prepared by a method as claimed in 
any of claims 2 to b. 

9^ a composition as claimed in claim 7 or claim H which 

comprises two of said coordinated compounds wherein: 

(a) for the organic species of one of said 
coordinated compounds is used carcinoembryonic antigen and 
for the organic species of the other of said coordinated 
compounds is used P-hCG; 

(b) for the organic species of one of said 
coordinated compounds is used leutinizing hormone and for 
the organic species of the other of said coordinated 
compounds is used thyroid stimulating hormone; 
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(c) for the organic species of one of said 
coordinated compounds is used hepatitis B-surface antigen 
and for the organic species of the other of said coordinated 
compounds is used hepatitis B-core antigen; 

(d) for the organic species of one of said 
coordinated compounds is used thyroxine and for the organic 
species of the other of said coordinated compounds is used 
thyroid stimulating hormone; 

(e) for the organic species of one of said 
coordinated compounds is used thyroxine and for the organic- 
species of the other of said coordinated compounds is user! 
thyroid binding globulin; 

( f ) for the organ i c speci es of one o i sa i d 
coordinated compounds is used angi otens i n-T I and for the 
organic species of the other of said coordinated compounds 
is used renin; 

( 1 1 ) f o r the o r g a n i c s pe c i c : \ o f o n e of : • a .; < ! 
c o o r d i n a t e d c or: po u n d s is us e d a d r e n o c o r t. i c o t r o p hie ho r mo n e 
and for the organic: species of the other of said coordinated 
compounds is used Cortisol; 

(h) for the organic species of one of said 
coordinated compounds is used insulin and for the organic 
species of the other of said coordinated compounds is used 
C-peptide; 

(i) for the organic species of one of said 
coordinated compounds is used estriol and for the organic 
species of the other of said coordinated compound is used 
human placental lactogen; 
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(?) for the organic species of one of said 
coordinated compounds is used lactate dehydrogenase and for 
the organic species of the other of said coordinated 
compounds is used creatine phosphokinase; or 

(k) for the organic species of one of said 
coordinated compounds is used hepatitis B-surface antigen 
and for the organic species of the other of said coordinated 
compounds is used human T-cell leukemia virus. 

10. A simultaneous multiple assay wherein one or more 
coordinated compound of the formula:- 

metal i sotope--che 1 a tor--organi c species 

is /a re employed. 

11. A simultaneous multiple assay as claimed in claim 10 
wheroin the coordinated compound (s) is/are prepared by a 

me t hod as c 1 a i rued in a ny of claims 2 to . 

12. A composition nr.eful in simultaneous assay which 
comprises one or more coordinated compound of the formula :- 

metal i not ope — che 1 a tor--organic species 

and an analyte labeled with 1-125. 

13. A composition as claimed in claim 12 wherein the 
coordinated compound (s) is/are prepared by a method as 
claimed in any of claims 2 to 6. 

14. A composition as claimed in claim 12 of claim 13, 
v/hcrein the coordinated compound analyte is leutinizing 
hormone and the analyte labeled with 1-125 is follicle 
stimulating hormone. 
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